The residue behavior of fluopicolide, cyazofamid and their metabolites (M-01, M-02 and CCIM) was evaluated in open field conditions. The dissipation and terminal residue of these five compounds were determined via a modified QuEChERS method, by adjusting the liquid chromatography coupled with tandem mass spectrometry (LC-MS/MS) conditions and optimizing the purification process. This led to a satisfactory average recovery of between 71.6% and 107.7%, as well as limit of quantitation (LOQ) values of 0.05 mg kg 
Introduction
China is the biggest grape producer in the world, producing nearly 20% of the world's total production. 1 Differing from the usage of grapes in other countries, which is mainly in the fermenting of wine grapes to wine, the Chinese prefer to consume fresh or dried grapes, accounting for 83% of the total production. 1 However, in grape production there is a contradiction between progressive growth in cultivation and protection from different types of plant pathogens, such as grape downy mildew, during the grape growing period. To protect the interests of farmers, fungicides are used during cultivation.
2 A 25% suspension agent (SC), mainly composed of uopicolide (15%) and cyazofamid (10%), is to be registered in China for this purpose. Its active ingredients, uopicolide and cyazofamid, both have advantages in being able to co-function alongside other fungicides without any cross-resistance. 3, 4 This means that they can complement one another in a safe and efficient manner. Fluopicolide, [2,6- dichloro-N-[3-chlor-5-triuoromethyl-2-pyridine-methyl]-benzamide], is a systemic fungicide of the novel chemical class of acylpicolide fungicides that targets oomycetes that cause diseases in a wide range of crops. [5] [6] [7] Fluopicolide is registered for use in cabbages, tomatoes, cucumbers, chilies, potatoes, watermelons and onions. 8 According to biotransformation investigations, 2,6-dichlorobenzamide (M-01 or BAM) and 3-chloro-5-(triuoromethyl)pyridine-2-carboxylic acid (M-02) have been conrmed as residues in plants, although M-01 degrades so fast that the Joint FAO/WHO Meeting on Pesticide Residues (JMPR) has not yet established a maximum residue level for it. We considered its detection because it is much more toxic than uopicolide and other metabolites. 7 The other ingredient, cyazofamid, [4-chloro-2-cyano-N,N-dimethyl-5-(4-methylphenyl)-1H-imidazole-1-sulfonamide], is a sulfonamide-based fungicide that was developed by lshihara Sangyo Kaisha Ltd. 4 It has been widely used to control late blight and downy mildew in agriculture and it has been registered for use in cucumbers, potatoes, grapes and lychees in China. 9 The detection of 4-chloro-5-p-tolylimidazole-2-carbonitrile (CCIM), a major urinary metabolite, is required under GB 2763-2016, but not in JMPR. 10 The structures of the compounds and metabolites are shown in Fig. 1 .
Grape processing techniques, such as drying, washing, peeling, fermenting and so on, have proven to be useful in reducing pesticide residues on the surface of the fruit. 11 As chemicals can be easily absorbed into the edible portion of the fruit and the general public now pay an increasing amount of attention to the toxicity in agricultural products, especially fresh fruit and vegetables, it is vital, meaningful and worth paying more attention to the residues in produce, in this case, uopicolide and cyazofamid. Hence, more information about pesticide residues has been demanded and thus, it is signicant to develop an efficient and effective determination method to monitor uopicolide, cyazofamid and their metabolites (M-01, M-02 and CCIM) in grapes.
Up until now, there have been several reports on the determination of either uopicolide and its metabolites or cyazofamid and its metabolite. Sample pretreatment methods, such as solid phase extraction (SPE), [12] [13] [14] [15] disperse solid phase extraction (d-SPE), [16] [17] [18] liquid-liquid extraction, 19 direct injection 20 and gel permeation chromatography (GPC) 19 have been reported. So, it is feasible to detect both the parent material and metabolites in different matrices. However, there have been a few studies that have reported the simultaneous determination of uopicolide, cyazofamid and their metabolites (M-01, M-02, and CCIM). In addition, the reported pretreatments are too time-consuming, 19 complicated and expensive because of the need for a large volume of solvent 13 and clean-up materials, such as Florisil.
14,15
The QuEChERS method was rst reported in 2003. 21 The original study demonstrated that the process requires the use of less solvent and has better pretreatment efficiency in extracting pesticide residues in vegetables and fruits. Nowadays, the QuEChERS method is a basis for method development in laboratories, via the use of other cleaning agents, other solvents, and the replacing of GC/MS with LC/MS and HPLC.
The aim of this study was to develop a method based on the QuEChERS method for analyzing uopicolide, cyazofamid and their metabolites (M-01, M-02 and CCIM) in grapes and soil. Meanwhile, the dissipation dynamics and terminal residues of uopicolide, cyazofamid and their metabolites (M-01, M-02 and CCIM) in grape and soil samples from Hebei and Anhui province, China, were investigated. 
Experimental

Field trials
Field experiments were carried out according to NY/T 788- 2004 22 over one year in two places, Hebei Longyao and Anhui Suzhou. Each experiment consisted of a control and six treatments reecting the nal residues for the different dosage and dissipation results at the recommended dosage. The terminal residue trial was implemented with the recommended dosage of 62.5 mg kg À1 and a higher dosage of 93.75 mg kg À1 (1.5 times the recommended dosage). A 25% SC formulation, in which the active ingredients were 15% uopicolide and 10% cyazofamid, was applied three or four times. Moreover, an interval of seven days was set both at the low or high level. Each treatment had three replicate plots. Representative grape and soil samples were randomly gathered at pre-harvest intervals (PHI) of 7, 10 and 14 days in each plot aer last spraying. The dissipation residue experiment in the supervised trial began at a time where the grape was halfway through its maturity, with a value of 93.75 mg kg À1 (1.5 times the recommended dosage). Each treatment group had three replicate plots. Representative grape and soil samples were randomly collected at intervals of 0, 1, 3, 5, 7, 14, 21 and 30 days in each plot aer last spraying. Blank control plots were also set as a contrast. All of the samples were stored at À20
C for the following analysis.
Sample preparation
10 g of thoroughly homogenized grape or soil sample was accurately weighed into a 50 mL centrifuge tube. The QuEChERS method initially developed for vegetables and fruits involved the use of plenty of water, so in this study, a modied preparation method was followed where water was added to the soil or sugarladen grape samples to dissolve them into acetonitrile to result in less of a matrix effect. The grape samples were processed with 5 mL of a 2% aqueous solution of formic acid and 10 mL of acetonitrile for extraction, while for the soil samples, 10 mL of a 2.5% aqueous solution of formic acid and 10 mL of a 2.5% aqueous solution of formic acid and acetonitrile were used. Aer adding 6 g of anhydrous sodium chloride to ensure separation between the organic and aqueous phase, the centrifuge tubes were eddied for 5 min using a multi-tube vortexer to ensure full interaction between the extraction solvent and sample. The samples were centrifuged for 5 min at 3800 rpm.
In the clean-up process, 1 mL of supernatant was extracted according to described procedure and was puried using 200 mg of anhydrous magnesium sulfate for the grape samples and 100 mg of anhydrous magnesium for the soil samples. The mixtures were whirled drastically by the vortexer for 30 s. Then, the acetonitrile layer was ltered through a 0.22 mm lter into a vial for LC-MS/MS analysis.
Statistical analysis
The matrix effect is identied as a signal suppression or enhancement, and it is a major drawback in quantitative analysis carried out by liquid chromatography-mass spectrometry (LCMS). Considering its impact on the method parameters, formula (1) below can be used to calculate the extent of the effect:
Obviously, a value above 100% represents ionization enhancement, while a value below 100% indicates ionization suppression.
23
The residue levels of uopicolide and cyazofamid in the grape and soil samples ts the one-exponential kinetics eqn (2):
and the half-life of the pesticide could be calculated using eqn (3): ), k is the degradation rate. T 1/2 represents the time taken for the pesticide residue level to fall to half of the initial residue level aer application. The data were processed using the Systat Sigmaplot v12.5 soware.
Assessment of the dietary exposure and long-term risk of grape consumption were made using the eqn (4) and (5): In addition, the short-term risk assessment was evaluated using the following eqn (6) 26 and (7):
where ESTI is the estimated short-term daily intake (mg kg
À1
per bw per day), U represents the unit weight of the edible portion of the grape (0.6366 kg here), 26 HR is the calculated highest residue level (mg kg À1 ), v is the coefficient of variation for the grape (which is 3 here 27 ), and LP represents the largest portion of food provided per day (0.3667 kg here).
26
When U is higher than LP, eqn (6) is used to calculate the international estimated short-term intake (IESTI) solvent and sorbents were tested to achieve the best extraction and purication effects. 23 According to our previous literature searches and considering molecule structure analysis, M-02 is an acidic compound. Due to this, PSA was not considered when choosing a sorbent.
To investigate the extraction efficiency, studies were carried out on pesticide recoveries using grape samples spiked with target pesticides at 1 mg kg À1 (n ¼ 3). Spiked samples were extracted using different volumes of acetonitrile, water and formic acid. 10 mL of acetonitrile containing different volumes of water (0, 5, and 10 mL) was tested. As can be seen in Fig. 3A , compared to the samples containing no added water, the addition of 5 mL of water leads to a lower deviation and higher response for cyazofamid. With respect to adding 10 mL of water, this process results in a recovery of above 120%. On the basis of adding 5 mL of water, different concentrations of formic acid in water were tested. A 2% aqueous solution of formic acid was selected for further study. The results are illustrated in Fig. 3B . With respect to the cleanup efficiency, the grape samples were spiked with the target pesticides at 1 mg kg Fig. 3C . 3.1.3. Optimization of the soil pre-treatment. Water was found to be necessary for the extraction of the residues in soil samples. The same as the optimization of the grape samples, we altered the concentrations of formic acid in both water and acetonitrile, and also the amount of MgSO 4 used. Finally, 2.5% formic acid in both water and acetonitrile and 100 mg of MgSO 4 were selected as the conditions. The results are shown in Fig. 4. 3.1.4. Method validation. Matrix-matched calibration curves were drawn by taking the peak area as the y-axis and plotting it against the compound concentrations (x) for seven different groups of data. The data were found to have a good linear t, with a value of R 2 > 0.99 (n ¼ 3).
The limit of detection (LOD), producing a signal-to-noise ratio of three, was calculated by the lowest concentration. The lowest spiked concentration level of the compounds was set as the limit of quantication (LOQ). 29 The corresponding LODs in grape and soil samples that t the legal recommendations are listed in Table 2 . MEs were also calculated and are presented in the table, and it can be seen that the grape samples have lower MEs, both in ionization suppression or enhancement, aer processing.
In order to test and conrm the accuracy and precision of the method, recovery experiments of the ve compounds in two matrices were processed at four spiking concentration levels with ve replicates. The results are shown in Table 2 , and reect the precision and accuracy of the method. 30 Representative HPLC-MS/MS graphs of uopicolide, cyazofamid and their metabolites (M-01, M-02, CCIM) in matrix standards are shown in Fig. 2. 
Data analysis
3.2.1. Terminal residue of uopicolide and cyazofamid in grape and soil samples. Pesticide residues in samples (grape and soil) from supervised elds in Hebei Longyao and Anhui Suzhou were analyzed using the developed method. The terminal residue results are listed in Table 3 and 4. The residue results of M-01, M-02 and CCIM were found to be below the LOQs. No matter what dosage conditions and internal samples were are sprayed in, the uopicolide and cyazofamid residues in soil and grapes from these two provinces were found to be lower than the MRLs (2 mg kg À1 for uopicolide and 1 mg kg À1 for cyazofamid). shown in Table 5 , Fig. 5 and 6 show the dissipation trends of uopicolide and cyazofamid in grapes as well as soil. The dissipation of uopicolide gives the equations between the grape samples from the two places may be a result of the grape planting density, weather conditions and method of application.
As for the differences in the half-life, both cyazofamid and uopicolide were found to degrade more quickly in Anhui than in Hebei, in around half the half-life of that of the Hebei samples. The different environmental conditions should be taken into consideration, such as temperature, humidity, amount of sunlight, etc. 31 The weather history was taken from an internet source and used to construct a plot, which is shown in Fig. 7 . It can be seen that the temperatures in these two places are roughly the same, but that there is more probability of rainfall in Suzhou. It makes sense that high humidity speeds up the degradation of the pesticide.
High-community half-lives in the soil in these places are caused by the texture of the soil. It was found that the soil in these two places was clay. The soil in Suzhou was found to have a higher viscosity, which means that it can resist leaching and well retain the compounds. This may explain why Suzhou has more rainfall, but the soil there has a similar half-life to that in Longyao.
3.2.3. Health risk assessment. According to the GAPs (good agricultural practice) data of the European Union, Canada and the USA, a MRL for uopicolide in grapes of 2 mg kg À1 was agreed upon in 2009. 7 The MRL for cyazofamid in grapes is 1 mg kg À1 . 10 Although, even if there is low toxicity and low residues of uopicolide and cyazofamid in grapes and soil, it does not mean that there is no risk to the human body. Intake risks of uopicolide and cyazofamid in grapes were assessed in this study.
For long-term risk assessment of cyazofamid, the ADI value is 0.2 mg kg À1 bw, and the ARfD is thought to be unnecessary, according to JMPR. 10 When the concentration of the metabolite is lower than the LOQ, the LOQ was used to calculate the STMR and HR, so the STMR of cyazofamid in grapes was found to be 0.20 mg kg À1 from the data of the supervised experiments. As the daily grape intake is 0.046 kg per day, 27 the HQ of cyazofamid was calculated as 0.077% using formulas (4) and (5). The HQ was below 100%, indicating that there is little risk for the grape intake.
In terms of the risk assessment of uopicolide, the ADI is 0.08 mg kg À1 bw, and the ARfD is 0.6 mg kg À1 bw for women of childbearing age. The STMR and HR of uopicolide in grapes were found to be 0.30 and 0.79 mg kg À1 , respectively. The calculated HQ value of uopicolide was 2.875%, and the calculated aHI value of uopicolide was 2.414% using formulas (6) and (7) . Both the HQ and aHI values were below 100%, indicating that there is little chronic and acute risk in consuming grapes.
Conclusion
A QuEChERS method using LC-MS/MS was developed and veried to estimate the residue levels of uopicolide, cyazofamid and their metabolites in grape and soil samples. The dissipation and nal residues in a grape eld ecosystem were studied by means of this developed method. The half-lives of uopicolide were found to be 11.4 (Anhui, grapes), 19.7 (Anhui, soil), 21.8 (Hebei, grapes), and 21.2 days (Hebei, soil), respectively. The dissipation of cyazofamid could be described using rst-order equations and was found to have half-lives of 8.7 (Anhui, grape) and 20.1 days (Hebei, grape), respectively. The differences in the degradation of the pesticides in the samples in Anhui and Hebei were claried, and it was illustrated that the degradation of both uopicolide and cyazofamid in grapes in Anhui was quicker than in Hebei. The nal grape residues were below the MRL established by the JMPR and China at PHIs of 7, 10 and 14 days. Thus, a PHI of 10 days and a MRL of 2.0 mg kg
À1
for uopicolide and 1 mg kg À1 for cyazofamid are appropriate for ensuring food safety. A long-term and short-term risk assessment was also carried out. A HQ value of 0.077% was determined for cyazofamid and 2.875% for uopicolide, and the aHI of uopicolide was found to be 2.414%, values which are obviously below 100% and imply that the use of cyazofamid and uopicolide in grapes at the recommended dosage poses a low risk to human health.
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